Parlati, ( ) (7') V. Patera, (6) [3] . It has been argued [4, 5] The experimental data reported in this paper uses only the first operational supermodule of the MACRO detector, which is documented in detail elsewhere [6, 7] In the liquid scintillator subsystem, we have employed two types of specialized monopole triggers, which cover different velocity regions [7] . In this Letter, we report the monopole search results obtained from data collected using the trigger which covers the lower velocity region [7] and has also been applied to a search for nuclearites (strange quark matter) [8] . Based on the time of passage of slowly moving particles through the 19cm thick scintillator, this trigger selects wide phototube pulses or long trains of single photoelectron pulses generated by slowly moving particles, and rejects with high eKciency any single large but narrow pulse from the residual penetrating cosmic ray muons or from radioactive decay products from walls of the hall or detector materials. In order to pick up single photoelectron pulses, whose average compared with the expected light yields of monopoles and dyons. The probability for a particle with light yield above either measured curve to fire the corresponding counter is greater than 90%. The sensitivity of this trigger to slow monopoles was measured by simulating the expected signals using lightemitting diodes (LEDs) in representative counters [7] . Figure 1 The remaining three candidates had wave forms consisting of 4 -8 narrow pulses in sequence, where each pulse typically had a pulse height at least several times larger than the average single photoelectron pulse height, and therefore inconsistent with the expectation for monopoles. Instead, these events are consistent with being due to accidental coincidences between radioactivity pileups in difFerent planes, for which the expected number is calculated to be 2.6, compared to the three that were observed. We note that for the passage of slow particles, the photoelectrons should be randomly but uniformly distributed to produce much smoother pulse trains than the observed "spiky" pulse trains. To quantify this analysis, the "spikiness" of a pulse train has been represented by the Campbell quantity o2/p, , where y, is the average pulse height of the pulse train and o is the standard deviation of the pulse height about its mean.
Campbell's theorem [ll] indicates that, if the time distribution of the pulses making up the train is Poissonian, this quantity is a constant independent of the average pulse height, and thus is independent of the light yield and velocity of the traversing particle. We computed this quantity for the three candidate events as well as for monopolelike pulse trains generated by LEDs (Fig. 2) .
For selection of monopoles, we required at least one of the two triggered counters to have at least one end satisfying o jp ( 2mV. None of the remaining three candidate events satisfies this criterion. Under this criterion, the probability of rejecting a real monopole event was determined to be 5 x 10 from Fig, 2 , while the probability for a radioactivity pileup event to be mistaken for a monopole was determined to be 2.2% by studying single plane pileup events. Therefore, the expected number of background events which would satisfy this cut for the entire data set was 0.06.
As a final cross-cheek, we have looked at the streamer tubes for slow particle triggers or tracks for the sample of the 573 candidates, and found agreement with the above classifications based on the scintillator wave forms. For future more sensitive searches, the streamer tube subsystem will give an additional strong handle. Furthermore, we note that if any candidate events survive, we can perform a rigorous inspection of the tracks in the track-etch subsystem.
Rubakov [12] and Callan [13] have speculated that for grand unified theories which do not conserve baryon number, GUT monopoles may strongly catalyze nucleon decay.
With the current electronics configuration, the pulses from relativistic decay products may disrupt the proper recording of wave form signals of slow monopoles, and thus this search may be insensitive to those monopoles with a catalysis cross section 10 cm . However, no evidence for any baryon number-violating process has ever been observed. Furthermore, it has been argued that the catalysis cross section may be suppressed as compared to the RubakovCallan prediction [14] , that the Rubakov-Callan eifeet may vanish in the SU(5) GUT [15] or in some other GUTs [16] , and that proton decay does not occur in some GUTs.
In conclusion, [17] , UCSD II (He-CH4, for bare monopoles only) [18] , Soudsn 2 (Ar-CO&) [20] , Bskssn (scintillstor) [21] , snd Orito (CR-39) [22] .
10 is cm sr s (90% confidence level) as shown in Fig. 3 [17 -22] . This fiux limit is valid in the velocity range of po ( p ( 3 x 10 s, where the lower velocity limit Po is determined by the trigger sensitivity versus light yield shown in Fig. 1 . For bare monopoles, this limit is Po = 1.8 x 10 4 as shown by the bold solid curve in Fig. 3 . For dyons or monopole-proton composites, the velocity range extends down to Po = 9 x 10 s. As indicated by the dashed step in Fig. 3 , an additional velocity range of 8 x 10 s ( p ( 9 x 10 s with the fiux limit of 1.3 x 10 i4 cm z sr i s i (9070 C.L. ) has been established for dyons using exclusively the more sensitive horizontal counters. Bracci et al. [23] have argued that bare monopoles are likely to have captured and bound protons in the early universe [24] , making this dyon search especially relevant. The upper velocity limit of 3 x 10 c is determined by the minimum pulse train duration (for 19cm path length through the scintillator) required by the trigger circuit. For a trajectory with a path length longer than 19cm, this limit extends up to 4 x 10 c, but with a less restrictive flux limit due to a reduced acceptance.
Finally, we note that an encounter with a star is the proposed mechanism for slowing down and trapping a monopole in the solar system [4, 5] and a monopole emerging from such an encounter will have attached a proton.
